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Summary.-In a previous publication' it was shown that it is possible to reduce the Boltzmann-Hilbert integral equation, occurring in the classical problem of transport phenonena in a rigid-sphere gas model, into a differential equation. In the case of self-diffusion treated there, this differential equation was of the second order, and its solution yielded a value for the coefficient of self-diffusion which was in good agreement with the value obtained by the variational Chapman-Enskog method. In this paper the method is applied to the problems of heat conduction and viscosity. In both cases the differential equations for the respective distribution functions are of the fourth order. The solution of these equations leads to values for the coefficients of heat conduction and of viscosity which are in good agreement with the values obtained by the Chapman-Enskog method. From the tabulated values of the distribution functions it follows that the linearized approximation becomes relatively poorer in the outer regions of momentum-space. A differential equation of the fourth order for the distribution function in for the preparation of well-defined protein fractions. But the interpretation of the data obtained from in vivo systems is complicated by the changing relationships of the tracer levels in the blood, in the cell pool, and in the proteins of the embryo.
In explants a constant tracer supply eliminates, in part, such difficulties, but the small quantities of material available and the unknown preparative properties of embryonic proteins make the isolation of uniform protein fractions a trying task.
In searching for embryonic tissues which would permit a fuller quantitative analysis of protein synthesis, the cornea seemed of interest for several reasons. This tissue is not vascularized and can be expected to maintain, under in vitro conditions, its normal metabolism for a longer time than tissues which depend on a rapid supply of nutrients by a well-developed vascular bed. The mesodermal component of the cornea produces substantial amounts of one distinct protein species-collagen-which can be isolated for analysis at a relatively early phase of development. The scleral and corneal components of the ocular mesoderm develop characteristic biochemical differences4 in the course of embryogenesis, and the analysis of conditions giving rise to these molecular distinctions is of interest for the understanding of embryonic differentiation.
In the course of the exploration of the incorporation of glycine-l-C'4 into the proteins of the corneal stroma, the tracer uptake was found to be dependent to a large extent upon the presence of the epithelial component of the cornea. The dependence of tracer incorporation into one tissue component (stroma mesoderm) upon the presence of another cell type (epithelial ectoderm) is of possible importance from a biochemical and developmental point of view. Therefore, data demonstrating the difference in the tracer uptake into one of the protein fractions, consisting mainly of collagen, of the stroma in the intact cornea and in the absence of epithelium are reported in this communication.
Materials and Methods.-Four corneas from 10-day chick embryos and two corneas from freshly hatched chicks (24-29 days of total development) were placed in 10-ml. breakers containing 1 ml. of medium. In preparing one of the more complex nutrient solutions' as medium (complete medium), the natural glycine was omitted from the amino acid mixture and, instead, glycine-l-Cl4 was added to the medium just before the start of the experiment (1 Mc. corresponding to about 20 Mg. in 1 ml. of medium). The beakers with the tissue were incubated for 1-6 hours in a Dubnoff Shaker. After termination of the incubation, the corneas were washed with Ringers solution, and the extractable proteins were removed by extracting with six changes of 0.1 NaOH over a period of 36 hours at 40 C. The NaOH was washed off with distilled water, and the remaining NaOH-insoluble fraction (I.S.F.) was extracted with 1 ml. of distilled water in a pressure cooker at 15 lb. pressure, following essentially the procedure of Lowry et al.6 for collagen preparation as used previously for embryonic tissues.7 One aliquot of the extract was plated out for counting in a gas-flow counter (Nuclear, D 47) while the other aliquot was used for nitrogen determination.
To test the effect of the epithelium on the tracer incorporation into the stroma proteins, the cornea was excised, the epithelium was removed under a dissecting microscope, and the stroma alone was incubated. In the controls the epithelium was removed after incubation.
Results.-The dependence of the uptake of glycine-l-C 4into the insoluble fraction (I.S.F.) of the stroma upon the presence of the corneal epithelium is clearly evident from the figures presented in Table 1 . If the epithelium was removed before incubation of the stroma in a medium containing glycine-l-C 4, the tracer incorpora- tion was found to be greatly reduced. In the absence of the epithelium the uptake of glycine-1-C14 into the I.S.F. of the corneal stroma of the embryos and of the hatched chick was found to be only 15 and 5 per cent, respectively, of the tracer incorporation into the I.S.F. of the stroma observed in the presence of the intact, unseparated epithelium. On removing one-half or three-quarters of the epithelium, the uptake of tracer into the stroma seems to fall approximately in proportion to the amount removed. It should be mentioned at this point that the addition of separated sheets of epithelium to the stripped stroma does not reverse the effect of the separation of the two tissue components. The separated epithelium also shows a considerable decline in tracer incorporation into the epithelial proteins (300-400 cts/sec/mg N in situ; 40-60 cts/sec/mg N after removal). This test was carried out with epithelia from hatched chick since in this case the epithelia can be removed as large sheets with minimal cell disruption.
In one experiment six corneas each from 7-day chick were incubated with and without epithelium. An aliquot of the I.S.F. was hydrolyzed at 140°C. for 4 hours. The glycine of this fraction was separated chromatographically as 1-fluoro-2,4-dinitrobenzene derivative, following essentially the method of Krol, 8 and the specific activity of the glycine derivative was determined. Calculated for a single cornea, a glycine content of 61 ug. and of 55 ug.was found for the I.S.F. of the stroma incubated with and without epithelium, respectively. The corresponding activities were 423 cts/min and 62 cts/min, giving specific activities of 6.9 cts/min/,ug glycine and 1.1 cts/min/,ug glycine, respectively. This experiment shows that the observed dif-ference in the specific activities of the I.S.F. is due to the different specific activities in the protein glycine of this fraction. The glycine content of the J.S.F. found in this experiment is about twice the hydroxyproline concentration determined9 for the same fraction. The fact that the glycine: hydroxyproline ratio is 2 is consistent with the view that this protein is the predominant component of the I.S.F., though it does not exclude the possibility that other proteins, having little or no glycine, may also be present.
The tracer uptake into the I.S.F. fraction of the stroma of the intact cornea increases continuously at least for a period of 6 hours. In the embryonic cornea a slight acceleration of the incorporation rate was observed which was absent in the corneas of hatched chicks. The dependence of the stroma incorporation of metabolic energy is indicated by its sensitivity toward dinitrophenol and iodoacetate. But the. addition of 1 mg. ATP to the medium did not increase the incorporation of the stripped stroma. The cornea can apparently utilize endogenous metabolites as sources of energy and as protein precursors, since replacement of the complete medium by a solution made up of inorganic constituents (P.C. solutions) still allows incorporation to take place, although at a diminished rate. It remains to be seen whether the tracer uptake in the absence of external energy sources actually indicates complete protein synthesis or is related to "exchange" reactions observed in bacteria." Considerable stores of glycogen which were depleted during maintenance in vitro were demonstrated in the beef cornea on a previous occasion'2 and the presence of similar reserves of metabolites in the chick cornea would seem to be likely. The addition of the glucose to the inorganic medium increases the incorporation rate significantly.
Discussion.-The drastic reduction in the protein formation after separation of the tissue components of the chick cornea raises the question of the mechanism by which the epithelial and stroma cells maintain optimal protein formation in the intact cornea. In the case of the epithelium, it seems possible that even very careful removal would lead to injury of the cells. Certainly some effect on the electron-microscopically distinct'8 epithelial cell surface adhering to the stroma has to be considered. Whether this disturbance is sufficient to lead to the phenomenon of injury metabolism which has been observed in some tissues,'4"'5 but not in others,'6 has not been decided so far. Tests of protein formation in the cornea after a chemical separation of the epithelium and stroma (trypsin, versene) are now in progress. In this context, it is of interest that iodoacetate, which completely inhibits the incorporation of the tracer into the stroma, also leads to a complete loss of cohesion of the epithelium. '7 In the case of the stroma, cell injury as a cause of metabolic disturbance would seem rather unlikely, since these cells are imbedded in a matrix of ground substance which increases in mechanical strength with the progress of development. In the hatched chick the stroma surface is of leathery toughness because of its collagen content. But just here a more complete inhibition of protein formation was observed. As an alternative, it can be considered that the metabolic energy necessary for protein formation in the stroma is, at least to a greater part, supplied by the metabolism of the epithelium. The The luminosity curve shows how the sensitivity' of the eye varies for various wave lengths. Sensitivity is measured in terms of the reciprocal of the energy required to produce a given effect-threshold, for example.
In 1952 we published an article on the foveal luminosity curves of five normal subjects.2 The present account is concerned with the spectral sensitivity curves of two groups of color-blind subjects,3 five protanopes and six deuteranopes, as compared with the curves obtained on seven normal subjects. Until the work of Hecht
